method for quantitative analysis of the tartrate-resistant acid phosphatase (EC 3.1.3.2), band 5, is presented. This method involves precipitation of the enzyme from the serum by the antibody specific to band 5 and by sheep anti-rabbit immunoglobulin, followed by analysis of the enzyme activity in the precipitate. The precipitation procedixe eliminates the interferences of the tartrate-sensitive phosphatase of all tissues, of the tartrate-resistant phosphatase of erythrocytes, and of unknown substances that interfere with the colorimetric method. We compare the present method with previously described colorimetric and electrophoretic methods.
enzyme from the serum by the antibody specific to band 5 and by sheep anti-rabbit immunoglobulin, followed by analysis of the enzyme activity in the precipitate. The precipitation procedixe eliminates the interferences of the tartrate-sensitive phosphatase of all tissues, of the tartrate-resistant phosphatase of erythrocytes, and of unknown substances that interfere with the colorimetric method. We compare the present method with previously described colorimetric and electrophoretic methods. (2) . Electrophoresis on an acidic acrylamide gel column showed that the enzyme in the leukemic cells occurs as a band (band 5) that is distinctly separated from the tartrate-sensitive enzymes (bands 0, 1, 2, 3, and 4) of tissue cells. Acid phosphatase band 5 is absent or exists in trace amounts in normal human tissues (3) and in serum of normal adults (4) . A histochemical study of the occurrence of band 5 revealed strong enzyme activity in hairy cells (2), Gaucher's cells, and osteoclastic bone tumor (5) . Increases of band 5 in the serum were seen in Gaucher's disease (6) (7) (8) (9) , in the serum of normal children during physiologic bone growth (4, 5) , and in malignancies metastasized to bone (10, 11) . The fact that acid phosphatase band S is increased in pathologic sera prompted our interest in the quantitative analysis of band 5 acid phosphatase. Previous data showed that the tartrate-resistant acid phosphatase in hairy cells, Gaucher's cells, osteoclasts, and serum from children are antigenically identical (12) .
Therefore, the specific antiserum produced for band 5 is useful for the analysis of tartrate-resistant acid phosphatase in all of the pathologic serum specimens described above. We describe a simple enzyme immunoas8ay procedure and compare it with electrophoretic and the classic colorimetric methods.
MaterIals and Methods

Antigen and antibody:
Acid phosphatase band 5b was purified from the spleen of a patient with hairy cell leukemia. The primary antiserum was produced by injecting the purified acid phosphatase into a rabbit as described previously (12 
Electrophoresis:
The purified enzyme was mixed with the sample gel containing 4 mg of bovine serum albumin and placed on top of the spacer gel as described elsewhere (13) . When serum samples were analyzed, albumin was not added to the sample gel. The gels were stained for enzyme activity, with use of 1-naphthyl phosphate as substrate (13) .
Enzyme immunoassay:
Briefly, the optimized assay procedure is as follows:
1. Mix 0.2 mL of sample (serum or pure enzyme) with 0.2 mL of 0.1 molfL Tris phosphate buffer (pH 7.0), 0.4 mL of primary antiserum (500-fold dilution), and 1.0 mL of secondary antiserum (sheep anti-rabbit immunoglobulin), and let stand at room temperature for 15 mm. 2. Separate the antigen-antibody complex by centrifugation at 1000 X g for 10 mm; discard the supernatant fraction.
3. Resuspend the precipitate in 2.0 mL of a solution of citrate (0.1 molfL, pH 5) and albumin (1 g/L) by vortex-mixing for 30s. Recover the precipitate by centrifugating at 1000 X g for 20 mm; discard the supernatant fraction. 4. Repeat step 3. 5. Suspend the precipitate in 1.0 mL of assay medium for colorimetric analysis of acid phosphatase activity as described earlier. Incubate the assay mixture at 37 #{176}C for 30 mm. Stop the reaction by adding 2 mL of 0.1 mol/L NaOH, then measure the absorbance of the yellow color at 410 nm.
Results
The antigen formed an insoluble precipitate with the primary and secondary antibodies within 15 mm. Only 42% of the enzyme activity was recovered in the precipitate. Pre-incubation of the antigen with the primary antibody before the addition of the secondary antibody did not improve antigen-antibody binding (Table 1) , nor did prolonging the incubation improve the recovery of enzyme activity. There was no detectable enzyme activity in the supernatant fraction, indicating that the antigen was completely precipitated by the antibody. The low recovery of the enzyme activity in the precipitate indicated that the antigen-antibody complex had less enzyme activity than the free antigens.
The enzyme activity in the precipitate was not improved by increased substrate concentration.
The recovery of enzyme activity is about the same between pH 5.5 and 7.5 ( Figure 1) , decreasing as the pH of the incubation medium increased above pH 7.5 or below pH 5.5. The recovery of enzyme activity was about the same even when the primary antibody was diluted as much as 1000-fold; greater dilution of the primary antiserum decreased recovery.
The percentage of enzyme activity recovered was about the same when the enzyme activity added during incubation was less than 7.42 mU ( Table 2) The purified enzyme was incubated with the antiserum as described In the text, except that the pH of the buffer was varied as shown by varying the ratio of Tris base to phosphate. Enzyme activity Is mU/mL of assay voiume
The highly purified enzyme preparation (spec. acty. >100 kU/g) is labile at 4 #{176}C, as determined colorimetrically, with about half of the original activity being lost after standing at 0-4 #{176}C for three days (Table 3) . However, as determined by enzyme immunoassay, the same enzyme preparation was quite stable throughout the eight days of testing (Table 3) ; apparently, the aged enzyme was reactivated upon binding to the antibody. The enzyme immunoassay gave lower values than the colorimetric method and the electrophoretic method, unless one corrects for the fact that recovery in the precipitate is 42%. The comparison of three analytical methods for serum samples of normal children and adults is summarized in Table 4; little change was noted for samples analyzed on two different days. The three methods gave similar results for sera obtained from prost.atic cancer patients with metastasis to bone (diagnosis based on bone scan).
Discussion
At least four types of acid phosphatase have been thoroughly studied in many laboratories: (a) the enzyme secreted The data for normal adults are the average ± SEof eiit individual samples.
The data for chii&en's sara are the average ± SE of eit determinations made on pooled samples. The data obtained by enzyme Immunoassay have been corrected for 42% recovery. p.Nitrophenyi phosphate (4 mmol/L) and tartrate (50 mmoi/L) were used in the colorimetric method. The stability of the enzyme is another surprising observation. The purified enzyme loses its activity upon storage at 0-4 as measured by colorimetry. However, the inactivated enzyme is re-activated after precipitation with the antibody.
Inactivation during storage of a diluted enzyme solution is a common problem for many enzymes, owing to denaturation of the quaternary structure. It is quite possible that binding the aged enzyme to the antibody converts the enzyme back to the active form. Also, because some of the enzyme in the serum may be partly inactivated, the immunochemical method could produce a higher activity than the analysis of whole serum by the colorimetric method. The ability of the of acid phosphatase from the serum proteins by precipitation with the antibody eliminates the contamination by other acid phosphatases, and also the background absorbance of the serum at 410 nm. The small amount of enzyme in a large volume of serum is concentrated in the immunochemical precipitation step, giving an intense yellow color in the final colorimetric analysis, with a low blank value. The linear relationship between quantity of substrate hydrolyzed and incubation time, up to 2 h (Figure 2 ), allows one to use long incubation times for samples having low enzyme activity.
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